Summary: The dorsal lingual surface of Microtus montebelli was examined by scanning electron microscopy (SEM). The filiform papillae were distributed over the entire dorsal surface of the tongue. The filiform papillae notably differed in morphology by their location on the tongue and could be classified into 4 types: 1) simple conical papillae, 2) true filiform papillae, 3) giant conical papillae, and 4) saw-like papillae. The fugiform papillae were present rounded bodies scattered over the anterior dorsal surface of the tongue. A vallate papilla was located at the middle end of the lingual body. The surface of the radix zone was smooth and without lingual papillae.
Much work has been published on the threedimentional structures of the lingual surfaces in various animals. In the order Rodentia, there have been many SEM studies of the tougues of rats (Baratz and Farbman, 1975; Miller and Preslar, 1975 ; Kullaa-Mikkonen et al., 1987; Iwasaki et aL, 1987a Iwasaki et aL, , 1997 , mouse (Hume and Potten, 1976; Paulson et al., 1985; Iwasaki et al., 1987b) , guinea pigs (Arenberg et al., 1971; Iwasaki and Miyata, 1985) . Such studies reveal variations in morphology and distribution of papillae on the dorsal lingual surface among animal species.
However, there is no study on the SEM studies of the tongue of the Microtus montebelli. The purpose of this study is, therefore, to examine threedimentionally the dorsal lingual surface of the Microtus montebelli, in order to compare the results with those previous reports in other mammals.
Materials and Methods
Tongues of two male and one female Microtus montebelli of the order Rodentia, weighing between 32-34 g were used in this study. The tongues were fixed in 2.5% glutaraldrhyde, pH7.4, with Millonig's buffer for 1 h. The tongues were washed in Millonig's buffer and postfixed in a solution of 1 % osmium tetroxide in the same buffer at room temperature for 2 h. Thereafter, the specimens were dehydrated through graded series of acetone, critical-point-dried and sputter-coated with gold before being examined under a JEOL JSM-T300 scanning electron microscope at an accelating voltage of 15 kV.
Results
Macroscopically, the tongues of the Microtus montebelli are about 20 mm long and 3 mm wide.
Four different types of filiform papillae are distributed in four different areas of the tongue except for the region of the lingual radix, respectively ( Fig.  1 ). On the anterior area of the lingual body, simple conical papillae are densely distributed (Fig. 1 ). These filiform papillae are posteriorly inclined. Giant conical papillae are located on the semicircularly transverse ridges which are called "the intermolar eminence" (Fig. 1 ). In the posterior reagion of the lingual body, saw-like papillae are observed (Figs. 1, 3 ). Furthermore, in both lateral side of middle part of the tongue true filiform papillae which are more slender than simple conical papillae are observed (Fig. 1) .
A vallate papilla is located on the median line of the marginal region, between the lingual body and the radix zone (Fig. 2) . The form of the papilla is similar to that in the mouse, with trenches both lateral sides of the central head (Fig. 2) .
Fungiform papillae are scattered almost uniformly among the filiform papillae, mainly on the anterior part of the lingual body (Fig. 4) . These papillae are larger in diameter and shorter in height than the filiform papillae (Fig. 4) .
Discussion
SEM studies of the lingual papillae have been performed in the order rodentia. In rats (Baratz and Farbman, 1975 1985) , different types of the filiform papillae are distributed over restricted areas of the lingual dorsal surface. The present study on Microtus montebelli indicated that the filiform papillae differed in morphology by their location on the tongue and could be classified into 4 types: simple conical papillae, true filiform papillae, giant conical papillae and saw-like papillae. In the tongues of the mouse, three types of cylindrical filiform papillae, largo and small conical papillae have been demonstrated (Iwasaki et al. , 1987b ) and three types of simple conical papillae, giant conical papillae and true filiform papillae also have been demonstrated in the rats (Oshima et aL, 1990). Therefore, this pattern of distribution of the filiform papillae is different from that in rats and mouse. In the tongues of the Japanese long-fingered bats, six types of the filiform papillae: hair-like papillae, filiform papillae, trifid papillae, triangular papillae, saw-like papillae, and conical papillae, have been reported (Kobatashi and Shimamura, 1982). The saw-like papillae were observed in this study resemble triangular and sawlike papillae of the bats.
In this study, the dome-shape fungiform papillae scattered among the filiform papillae, especially at the tip of the tongue. The morphology of the fungiform papillae observed in this study is the same as those observed in other mammals. The distribution of the fungiform papillae in the Microtus montebelli is similar to that in common tree shrew (Chunhabundit et al. , 1992) and lesser mouse deer (Agungpriyono et aL, 1995) , for there are more fungiform papillae near the tip of the tongue.
In this study, there was clear border line between the lingual body and lingual radix same as tongues of many Rodentia. Boshell et al. (1982) reported that in the region of the vallate papillae, the filiform papillae were more conical than those on the midportion of the cat tongue. Iwasaki and Sakata (1985) reported that vallate papillae were encircled by filiform papillae in the posterior body of the beagle dog.
SEM studies of the vallate papillae have been reported in many vertebrates. In this study, a vallate papilla was located at the middle end of the lingual body. This papillae had trenches both lateral sides of the central head. The surface of the radix zone was smooth and without lingual papillae. One vallate papillae also were found in the tongues of the rats (Iwasaki et al., 1997) , mouse (Iwasaki et al., 1987) , mongolian gerbils and squirrel monkeys (Iwasaki et al., 1988) . Considering the number of the vallate papillae on the tongue surface, it is possible to suggest that the number of the vallate papillae may be different among the species. However, additional study is required to clarify a relationship between the species and the number of the vallate papillae. 
